A E R A iR Y 24 http: //www. biother. org
Chin J Cancer Biother, Dec. 2014, Vol. 21, No. 6

- 610 -
doi: 10.3872/j. issn. 1007-385X. 2014. 06. 002 - Rk .

HMGBI ERETEREHZEZILEFESNERE BGC-823 i B X AT

RAKE A RHE SR A NRE A (Ll REERKRY ABESFR LET AR, BE
# M 350108; 2. AGEEA K KB EBRIBRFIHE LSBT, EE 4N 350108 )

([ ZE] a9 TS FREHEEN 1 high-mobility group box 1, HMGBI )3 R0 8k XF b7 259 £ 22 1 & doxorubicin,
DOX )ifs 5§ BGC-823 'H 4l il & A E W A T A5 , 7 & : MTT . Western blotting FHIUO: 3 45 WL 348 43 B T DOX. X
BGC-823 4045 K (A AR 55 1% 5% 3- T ( microtubule light chain-3 T ,LC3 T ) LC3 T F35H [ W /IMRIE A 520 . A4
# 5] HMGBI 1) shRNA 4K pSuper-shHMGBI f 4} R 454K pSuper-shNC FE44 4 BGC-823 B4, 7. HMGBI Fa 2 DLy
L FR . DOX AL R BTk F% 441 i BGC-823 B s 2 M , o2k 2 45 W B M4 HMGBI DLERXT DOX 155 /9 [ Wit /MATE B
IR, MTT 3% G AR 43 S0 A0 %ot 440 B 344 5 R R T2 X 52 1), Western: blotting A& X F s B U8 T-4H 5C 8 11 HMGB1 \LC3 .
Bel-2 \Bel-XL Mcl-1 FIIE %! caspase-3 B MM, £ R : DOX 7] I 34 BGC-823 4 rf LC3- 11 25 14 A9 /K SF R HE 40 A A
WEARIYTE L P <0.01 ), SXFHRAAH L, HMGBI JE R UTER T /> DOX 53 1Y B 40 F el ( 19.33 £2.96 )% vs (71.67 +
3.38)% ,P <0.01 | {2otBEA kA HTL (46.12 £3.15 )% vs (12.37 £2.84 )% ,P <0.05 |, EVAHIE A caspase-3 I3k
Ko $E—243H & B, DOX 5 5 B A 2 A A WG, Mecl-1 R A3 N, 17 Bel-2 A1 Bel-XTL 33k JCHA W A8 1k ; HMGBI $:H
BUERATHIH] DOX i 31 Mcl-1 Ffi. 48 # : DOX TS BGC-823 B 4NN & A A Wi , HMGBI JEDR LB AT B T390 5 9 40
X DOX R 2457 , fe it B A & L PR T,

[ XA ] SIBREEN 1IN LR ILAE; kI RNA;BGC-823 4 ; B ; F Mk FT w2k

[ FESZES ] R735.2; R730.54 [ XEfFRERL ] A [ XEHE ] 1007-385X( 2014 )06-0610-07

HMGBI silencing-mediated increase in autophagy and apoptosis of human
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[ Abstract ] Objective: To investigate the effect of high-mobility group box 1 ( HMGBI ) gene silencing on chemothera-
peutic agent Doxorubicin ( DOX )-induced autophagy and apoptosis in human gastric cancer BGC-823 cells. Methods:
Cell viability, microtubule light chain 3 ( LC3-1 , LC3-1I ) protein content and autophagic vesicle formation in DOX-in-
duced BGC-823 cells were assessed by MTT assay, Western blotting and confocal microscopy, respectively. BGC-823
cells were transfected with pSuper-shHMGBI ( a shRNA targeting the HMGBI gene ) and pSuper-shNC ( a control vector )
respectively and subjected to G418 selection. BGC-823 cells stably expressing pSuper-shHMGBI or pSuper-shNC were
treated with DOX. After treatment, autophagic vesicle formation was assessed by confocal microscopy. Cell viability and
cell apoptosis were determined by the MTT assay and flow cytometry respectively. HMGB1, LC3, Bel-2, Bel-XL, Mcl-1
and cleaved caspase-3 proteins were assessed by Western blotting. Results: Treatment with DOX increased the protein

content of LC3-1I and the formation of autophagic vesicles in BGC-823 cells ( P <0.01 ). As compared to the control,
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HMGBI silencing inhibited DOX-induced autophagy ( P <0.01 ), promoted apoptosis ([ 46. 12 +3.15 [% vs [ 12.37 =
2.84 1% , P <0.05 ) and up-regulated the expression of cleaved caspase-3 in BGC-823 cells. Furthermore, antiapoptotic

Mecl-1 protein degradation was increased in BGC-823 cells after induction of autophagy, however, Bcl-2 and Bel-XL pro-

tein levels did not change significantly. HMGBI gene silencing significantly attenuated the degradation of Mcl-1 protein.

Conclusion: Autophagy can be induced by Doxorubicin in BGC-823 cells, which may contribute to DOX resistance. Knock-

down of HMGBI attenuates the DOX-induced autophagy and promotes apoptosis in gastric cancer cells.
[ Key words ] high mobility group box 1 ( HMGBI ) gene; doxorubicin; short hairpin RNA; BGC-823 cell; gastric car-

cinoma; autophagy; apoptosis; drug resistance
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TRV g 40 e & A F g, R U HMGB1 /9 3k 7]
HEGE b g A0 B AR T 25 W Y U EE . B S
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1.1 &ML XA

BGC-823 1§ a2 M FI DU v [ S R % 57
YR . RPMI 1640 1 1 HyClone A &, DOX
Lt N HMGB1 £ sg f& ST 1Al H Sigma 2\ #],
G418 I [ Cellgro A F],GFP-LC3 JFUkiIE [ Addgene
), pSR-Neo Jit kil [ 32 [ OligoEngine /\ﬂ X-
treme GENE HP DNA } X-treme siRNA % 44t 5 Il
H Roche /A F], Annexin V/PIL X% 1 6 3L 7 'J/\J”\/]
F R LU E RO SR AT IR w1, 4 5 20 3 2
B & M ECL TAEWIE H Millipore 23 &), ®PTA
WS XEB 1 #4%% 3- 1 ( microtubule chain-3 1 ,
LC3 T )M LC3 I . #4E MY caspase-3 PLIAT- & HH
FRANME A ML 2 H 1( myeloid cell leukemia 1, Mcl-
1) Bel-2  Bel-XL FUA KA i 42 A 1) b ic i 1L
EHi R T H Cell Signal Technology NS
1.2 MTT %340 DOX *F BGC-823 £ AL 3 54 64
A
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BGC-823 AfifI 4 F % 10% /N LT 1Y RPMI
1640 R 35 5E,37 °C .5% CO, i G 1% 37 4 v
2.3 ~4 d I 1R RN S x 107 4T 96 fLEE
FEMR, 1 20 05 BE S i AN [R) B 2 VR R Y DOX
(2.5.5.10.20.40 .80 wg/ml ), [ i 5 BA 1 %o 20
(0.1% DMSO FIZs FHZH( Honys s, T4 ), &
M5 MRl Kigk 24 h J5EFLINA MTT FE L9k
J950 we/ml, QKLEET 4 h, FE W, BEALIA 200
wl DMSO i 45 i , BRI IR 10 min, HIEEAR
AR 570 nm &b BYEEEC DA, A ML A A
R A A KA R % ) = ( XHIRL D A - 5256
U DAE )/ (XFREA DA - ZSHA D {H ) x 100% LA
K DOX X 4t it i 25 i il e FEC 1C, Do
1.3  Western blotting 7 34 DOX 4 22 5 28 i, 1
LC3 [ \LC3 I &k ag AL

BGC-823 4l i F0 F 6 FLEFF= M, I A AR
FHE DOX(0.5.10.20 wg/ml )ALFE 24 h 5 i A 20
pg/ml DOX B I E)( 0,12.18 .24 h ), & HL4H
OB L M A mERR G E A LC3 1V LC3 1T i
ke BRAIEL 20 weg B, 4 SDS-PAGE 415 %
FECRN 5 P31 J5 L 43 5 A St A HMGBI Hit /K 5% LC3
FUATIRE I AR 2 E AL Y bR 09 1L E P S —
P, EIRBEE 2 h, A ECL TAEW, FH2r 7 % £
GOt M. LEEE 3 K,

1.4 EREZHEIEK DOX & )5 BGC-823 4
B B MR 0 R AL

BGC-823 #fiffd#2FP T 35 mm I/Ezﬁ{ 157 241 L 0
J5 FH X-treme GENE HP DNA %% 4457 4% 4¢ GFP-
LC3 Ok, #5494 24 h J5 A 20 Mg/ml DOX (0. 1%
DMSOC BAPEXT R ), Bl 3 R AL, 259 4b B 24 h
J5 4% 2% P EEF E 4000 15 min, FH PBS YEPIK, il
A GAPURKFN R E 7, w0 R A W e
F2 GFP-LC3 2 1A R4 S A W/ IMABER A8 4k
1.5 pSuper-shHMGBI 244k 8 #y 2

#UE HMGBI 1 4 %% siRNA 40 i b i 5 35
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AR BRA T A, # BR X-treme siRNA #5444
FIUE BT 556 Je BGC-823 4 e - i 1 A 28 TP 91 o
R 7 328 1) 807 9 Bt B 1 2 X A D)7 A
(') HMGB1-shRNA ZEAZH IR L6k, [ i 35 7+ — X%t o

KT shNC( £ 1), 1B K WA= ) dsDNA, 3l
it Bel 11 F1 Hind I BV 057 250K 5 X HMGBI B9 3%
T3 A BEd A pSR-Neo JikL HI J& 35T Z )5, PCR
Pleaske BHE 4 TR, D) B 4

x1 FRHBZREEZEER DNA 73

Tab. 1 Plasmids name and target sequences

Plasmid

Oligo DNA sequence ( 5'-3")

pSuper-shHMGB1-2
GGGTTTTTA

GATCCCCCCCGTTATGAAAGAGAAATTTCAAGAGAATTTCTCTTTCATAAC

AGCTTAAAAACCCGTTATGAAAGAGAAATTCTCTTGAAATTTCTCTTTCAT

AACGGGGGG

pSuper-shHMGBI1 -3
CCAGTTTTTA

GATCCCCCTGGGAGAGATGTGGAATATTCAAGAGATATTCCACATCTCTC

AGCTTAAAAACTGGGAGAGATGTGGAATATCTCTTGAATATTCCACATCTC

TCCCAGGGG

pSuper-shNC
AGAATTTTTA

GATCCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGG

AGCTTAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTC

GGAGAAGGG

1.6 Ef k4 F BGC-823 iR if ik 44 & Ak

B EHEA P pSuper-shHMGB1 Jiikr & H: pSu-
per-shNC X BEUTURL 73 51| % 44 BGC-823 15 Jig 24t il , 48
h JG A 500 weg/ml G418 i i F4 5E %35 shHMGBI
IR I 1,21 d J5 Westem blotting il %2 £ 2 £
By HMGB1 A9 2 ik 7K F, F2 o Bk H 250 wg/ml
G418 HEFEREFR
1.7 % HMGBI %4 DOX *f BGC-823 4 fit. B %
AL

Hika 5 235 pSuper-shHMGB1( shHMGB 41 )F1%}
HEJFRE pSuper-shNC( shNC 21 ) (14 40 g fe oA 7% e 1)
BGC-823 ZHififi( Con £H )4%H 6 fLAR, A 20 pg/ml
DOX 4 24 h, Western blotting £l LC3T.LC3 1%
ik, BTS2, 1 R 3 A 4HEEERR 35 mm
B £k, g GFP-LC3 Ji k. 24 h J5 A 20 wg/ml
DOX,24 h J5 FIBOEIE R A8 10 s AR [ et/ MA i
itk EAREHANMIE 3 ANESL, LR EE 3 K,
1.8 2% HMGBI B4 DOX *F BGC-823 #m L /A =
R

¥ HMGBI IR TTER ) BGC-823 2 Jifd Kz Xof R 4
H( B2 E L Y pSuper-shNC 11 41 il 22 S oK 5% YL 11y 41

JL )43 S A LR 0.2.5.5.10,20 .40 .80 we/
ml )DOX 4bBH 24 h, B4 5 AR L, MTT 3% %E D
{HIFIHE 1C,,

W Eak 3 AN 10 wg/ml DOX ZLFE 24 b, &
Hi% 3 NEFL, Annexin V/PT S E R T-40 1
Fefil. 20 pg/ml DOX 4b ¥R 4% 4L BGC-823 4l A
[ FAE)C 0,12 .18 .24 h ), HMGBI FE R T 2R Ko % BR 41
JEH 20 weg/ml DOX 4bHE 24 h; T4k 3 F 1L,
Western blotting Faill 8 T-AH OCHE 1 Mel-1 5 L6 &Y
caspase-3 \Bcl-2 \Bel-XL ik,

1.9 %itgan

THEEE L, x 5 278, Kk H GraphPad Prism 6
A PRI RS ¢ #6256, LA P <0.05 3 P <0.01
ForEFHAGIEE X

2 & R

2.1 DOX #F BGC-823 @m e % % B &

MTT K 2% 5 5 7%, DOX 4b 3 BGC-823 4 jity
24 h JE Y 1C, 29 48 pg/mlo FAMG T2 50 il 70 2 1
DOX(5.10.20 pg/ml ))4bFE BGC-823 4 fitl, 4554
1A) 7R, IE# 9 BGC-823 4 fifs % ik A 1K /K F LC3
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[ K% LC3 A, DOX ZbHinl i & i LC3 T &E A
Fik , I S ] AR AR OC R . WOLIL R R
55 K 1B )$E78, DOX AbHEZH 1) GFP-LC3 itk
LM BGC-823 41 Afg b f3i] ¢ X HE 4 2 3% 344
[(73.67 £6.69 )% vs( 6.67 +0.88 )% ,P <0.01 ].
2.2 A HMGBI-shRNA %k k4 # 52

Westem blotting Kl 45 F( 2A ) 7,3 A>T
A BOYREA RO HMGBI 1363k, Hob siHMGBI -3

BR85S B B 35 . MR siHMGBI-3 #4 g g A
HMGBI 1) shRNA FiB4AA, 1] JE PR 7 45 %
FEUESE , HUGBI shRNA #% 11 PR &k I3 914 A IEWf, 5
T 45 R — 3%, 43 il 4y 24 N pSuper-shHMGB1-2 J¢
pSuper-shHMGB1-3 , W35 B I J3> 45 SR 4n 1] 2B FFw o
Western blotting 6 1 7% YL 2 A4 (1) T- P8R , 45 5 1A
2C ) /R, pSuper-shHMGB1-2 & pSuper-shHMGB1-3
FIRBARFE Y0 HMGB1 2 (A 1Y B BBt B 41 i
F TR (0.56+0.05).(0.26 £0.05) vs (0.73 =
0.03),¥ P <0.01 ], H pSuper-shHMGB1-3 % 4t
20 HMGB1 FRik T M3 2 . BJ5 , K pSuper-shH-
MGB1-3 F H: %} HR JFoki pSuper-shNC % 4% BGC-823

SINC siHMGB1-1 siHMGBI1-2  siHMGBI1-3

Y0, G418 ik fa e % Yt shHMGBI1 A BGC-823 4H

JHLBE
A
DOX (¢, /ug-ml) D()X(Luf'_[b rni )
05 10 20
-. — —L.C3]
—I C3lI
—f-tubulin
Time (t/h) g
rETEETETI = 100
0 12 18 24 & HB
. g2 o
—rcal &% 4
e —— LC3ll r_r§ ZH

__—B-tubuiin : 0 20
DOX (¢, /ugml!)

El1 DOX %S BGC-823 1K & Ak

Fig.1 Autophagy induced by DOX in BGC-823 cells
A: BGC-823 cells treated with DOX (0, 5, 10, 20 pg/ml)

for 24 h or treated with 20 wg/ml DOX for indicated time

periods, then whole cell lysates were subjected to Western
blotting analysis of LC3; B: GFP-LC3-transfected BGC-823

cells were observed by confocal fluorescence microscopy
24 h following DOX or control treatment ( x200 ). White
arrows indicate the characteristic punctate pattern of

GFP-LC3, which occurs upon autophagy induction
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Fig.2 Suppression of HMGB1 expression in BGC-823 cells by pSuper-shHMGB1-2 and pSuper-shHMGB1-3 transfection
A, C: BGC-823 cells were transfected with siRNA or shRNA target sequence in the coding region of HMGBI, and knockdown efficiency

was assessed by Western blotting; B: The sequencing map of the recombinant vector pSuper-shHMGB1-2 and pSuper-shHMGB1-3, the

HMGBI target sequence is between site marked with upward and downward arrow,underline DNA bases are the sites of restricted enzymes
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2.3  HMGBI %% DOX #-F A A A 69 % v

Western blotting & I 45 5% ( & 3 ) & /&,
shHMGB1Z1 ) HMGB1 £ FH(0.21 £0.03 vs 0.53 *
0.02,P<0.01 A LCH & F(0.12 £0.01 vs 0.34 =
0.02,P <0.05 )FEH W ELT shNC 4, 1 Con 4H
5 shNC d )2 5T geit22 2 (P >0.05 ). WOt
IR ALY 25 (K] 4 ) IR B, shHMGB 21 % 10
BT GFP-LC3 S0IR SR 4L FHYE BGC-823 4fififl Lt
15 i ZAE T shNC 2H[ (19.33 £2.96 )% vs( 71.67 +
3.38)% ,P<0.01 ],
2.4 HMGBI B3 DOX #5589 2a i 8 ==

MTT i 25 (3% 2 ) 7R, shHMGB1 41 41 Jfg
DOX Y IC5, fE Lt Con ZH S shNC X HR ZH B & B A%
(¥1P<0.01),MGMHENZEFLGEITH4EL(P>
0.05).

Con pSuper-shNC

AT B AR A I 25 F( % 2, K 5 ) Bon, shHMGBI
2 BGC-823 A T-3 k. Con 2H M shNC ZH W] & 44
(¥ P<0.05),

Con shNC shHMGB |
 e— e— e —HMGBI
—LC3
LC3 I

-

3 HMGBI BT T DOX FSH# LC3- 1 Fik
Fig.3 LC3-1 expression induced by DOX was
suppressed by HMGBI knockdown in BGC-823 cells

pSuper-shHMGBI

B4 HMGBI ERiTEMNE DOX %S BGC-823 M B IE/NEAIFH( %200 )
Fig.4 The formation of autophagic vesicles induced by DOX was inhibited
by HMGBI gene knockdown in BGC-823 cells ( x200 )

&2 HMGBI EEinE 3 DOX iF5
BGC-823 4 IC,, AT RAI &M
Tab. 2 Effects of HMGBI knockdown on IC,,
and apoptotic rate of BGC-823 cells induced by DOX

Group 1Cs( pp/pg *ml™") Apoptosis rate( % )

Con 48.87 £2.02 10.86 £2.51

ShNC 44.98 +3.25 12.37 2. 84
ShHMGBI 9.86+1.23"" 46.12 £3.15"

"P<0.05, " P<0.05 vs Con or ShNC group

2.5 HMGBI AR A8 % & & &K 6 %R
Westem blotting Kl 2554 & 6 )7~ ,20 pg/ml

DOX K4b#E BGC-823 4 fif A [] If 8] /5 , Fifi 5 1T (] 4B

K, LC3 1T 7K FH i Mel-1 7K F F [, DOX fE M

24 Wi, SR H A A, shHMGB1 ZH40M0 N LC 11
Bk B3 Tl (0.76 £0. 12 )us( 0. 18 £0.03 ),
P <0.01 ],Mcl-1 i B Z AR (0. 25 £0.03 )us
(0.82+0.14),P<0.01 ],

20 pg/ml DOX AL FEAA MY 24 h J5 , shHMGB1 £
N PG T caspase-3 /K F-%% shNC 2 B i 7} &
[(0.74+0.03) vs (0.49 +0.04 ),P <0.01 ], 444
T-EE ] Mel-1 iRk (0.43 £0.06 )us( 0. 68 +
0.06),P <0.05 |,

3 3 i

H A 2 EAZ A B — P 2 R 1 i AR Ty
BEM AT . FEBk = 8 R oLV AE LT, 4 i
A T R HE AL AR 1 AR P R 1 A 3 A R A
MEH A . 1Bk —Fh o A pLE], 3w nT LLGR
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SR AR B R8I 2, 4E 45 200 i P9 2R 858 R e
A BEE A B TSN BT IR, L S
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FHEINALT? 25 Wit B L3 pL . DOX 2 18 i
FHRIAEIT 254, B SCHR i — 2 B i 4 e

AT 2. ASBEGE K IR, S AR FE AR Y B 8 4t i
BGC-823 4fiffXt DOX 753 A T4 FH AR XA Sk,
1Cy, B35 48 we/mle (RN B 40 BGC-823 4
Ji— g FERN K1Y W & A=, AT & A9 DOX( 5
~20 we/ml ) ] b I 9 40 M P9 A W bR R H
LC3- I #2k /K -, I 222 551 2 1B ) 4 5t ¢ & 5 DOX
IR HE B S A AR A /N, R e T DL, DOX
HAES B ma kL AR .
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Fig.5 Apoptosis induced by DOX was promoted by HMGBI gene knockdown in BGC-823 cells
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W R s e Ml |
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6 HMGBI ERinE 3 DOX
BEATHXERKENZM
Fig. 6 Effects of HMGBI knockdown on the expression of
the apoptosis related proteins induced by DOX

HMGBI &) {2 A7 T Wi 2L 30 ) 240 L 9 1
A FEL R IR AL L s Rk 25
PR AN A A T R PR AR ST A B,
%43 Ak i N 8 40 i BGC-823 1 # i& HMGBI,

HMGB1 A5 Ai T H AN A% , 4o bt A5 = K7
I ARCERIRSNH ). HMGBI HE R w5 v] S 325 10
#l DOX 55 A WEAR & LC3 [T A1k e A W /IMA Ry
TER, $2 7 DOX 5 5 B a8 4N & A= 1 A T i oy
HMGBI W3R ik, £ H B & A i, Jfd Bt A LC3( RP
LC3 [ )& M i 8 M ATG4 i 2B C iy
AR, (i1 E1 Z R4k, M5 AL LC3 B8 A fg i
RO LC3 11 ), 2 54100 A /M . HMGBI 3
IR, BREAY LC3 S F W/ MATE i 1408 /0, He it
HeW, HMGBI 25 AW/ IMEIE G 2

A 2 R PR HMGBI JE R B i 15 9 20
Ji2e DOX 755 & A T A 40 A L A9 I e v, R T
{558 caspase-3 BEEIFAYZLAA BN, DOX Y41
IR ARG, X —45 R0, B 9 40 i 9 ik
7 HMGB1 A B FAR- 3 B & 4 i Pt DOX %5 T 1
PAT . A SCHRT S RAE U T e 40 P
FER A FALHRI A I 2. Hare AL ST W 1
Bel-2 \Bel-XL 7] 5 A WK F Beclinl () BH3 254 15k
MG, RAEIH A WA /R . Tang &7 B 5T
P, AR YA HMGB1 2 2l 5 [ w1
Beclinl 454, 1118 Beclinl S5 T-H1#] X+ Bel-2 43
BTG E W . Zhan 25 S HRIE T 107 250 K A0
Bl T AR A S 9 AN B i HMGBI, #h M HMGBI 25
FIAT_E 38 Bel2 G HLIAT- 8 1 Mcl-1 g1k,
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